We report the detection of three extrasolar planets from the Lick and Keck observatories. The F8 V star HD 40979 has a companion with orbital period P ¼ 263:1 AE 3 days, eccentricity e ¼ 0:25 AE 0:05, and velocity semiamplitude K ¼ 101:2 AE 5:6ms À 1 .The inferred semimajor axis is 0.83 AU and M sin i ¼ 3:28M Jup . Observations of planetary companions orbiting the G6 V star HD 12661 and the G4 IV star HD 38529 have already been published, and here we report additional, longer period companions for both of these stars. The outer companion to HD 12661 has P c ¼ 1444:5 AE 12:5 days, e c ¼ 0:20 AE 0:04, and K c ¼ 27:6 AE 2:5ms À 1 . Adopting a stellar mass of 1.07 M , we find M c sin i ¼ 1:57M Jup and a semimajor axis of 2.56 AU. The second companion to HD 38529 has P c ¼ 2174 AE 30 days, e c ¼ 0:36 AE 0:05, and K c ¼ 170:5 AE 9ms À 1 .The assumed mass of 1.39 M for HD 38529 yields M c sin i ¼ 12:7M Jup and a semimajor axis of 3.68 AU. Photometric observations at Fairborn Observatory reveal low-amplitude brightness variations in HD 40979 and HD 38529 due to rotational modulation in the visibility of photospheric starspots, and they yield rotation periods of 7.0 and 35.7 days, respectively, very different from the planetary orbital periods. The orbital parameters of these two systems are compared with updated parameters for all of the known multiple-planet systems. Updated velocities are provided for the Ç Andromedae system.
INTRODUCTION
About 100 extrasolar planets 7 have been discovered orbiting solar-type stars (see references in Butler et al. 2003) using high-precision Doppler observations to measure the reflex radial velocity of the host star induced by unseen planetary companions. The first planets detected by Doppler observations resided in relatively short period orbits (e.g., 51 Peg; Mayor & Queloz 1995) . Now, with a time baseline of several years, virtually all of the short-period gas giant planets in current Doppler stellar samples have been detected, and planets with orbital periods of 1 or more years are emerging.
The first multiple-planet system orbiting a main-sequence star other than the Sun was discovered in 1999 (Butler et al. 1999 ) orbiting Ç Andromedae. One interesting characteristic of extrasolar planets that has emerged in the past 2 years is that these multiple-planet systems appear to be common. In addition to the triple-planet system orbiting Ç And, double-planet systems have been published for HD 168443 (Marcy et al. 2001b ), GJ 876 (Marcy et al. 2001a ), 47 UMa , and HD 37124 . Recently, another triple-planet system was discovered orbiting 55 Cnc . Fischer et al. (2001) showed that five of 12 planet-bearing stars on the Lick survey exhibited residual velocities to a single planet fit that indicated the presence of additional planets. The number of probable multiple-planet systems among those dozen Lick stars has since increased from five to seven. The multiple-planet systems offer a unique opportunity to investigate dynamical interactions and planet resonances (Marcy et al. 2001a ; Lee & Peale 2002; Laughlin & Chambers 2001; Rivera & Lissauer 2001; Marcy et al. 2002) and to understand the conditions in the evolving protoplanetary disk (Chiang & Murray 2002; Ford et al. 2003 ).
OBSERVATIONS
We are carrying out a Doppler survey of about 350 stars at Lick Observatory and 600 stars at Keck Observatory. Stars with velocity variations at Lick Observatory are generally added to the Keck survey to increase both phase coverage and velocity precision. Velocity precision at Lick Observatory is generally photon-limited. The consistently higher signal-to-noise ratio (S/N) observations at Keck result in velocity precision that is almost uniformly a few meters per second for chromospherically inactive stars.
The Hamilton spectrograph (Vogt 1987) at Lick Observatory has a resolution R % 50; 000 and is fed with light from either the Shane 3 m Telescope or the 0.6 m coudé auxiliary telescope (CAT). The typical S/N for V ¼ 7 stars is 140 pixel À1 for either a single 10 minute observation with the 3 m telescope or for two 40 minute observations with the CAT. The HIRES spectrograph (Vogt et al. 1994) at Keck has a resolution R % 70; 000. Exposure times for stars brighter than V ¼ 7 are typically 2 minutes and yield S/Ns better than 200.
The Hamilton spectral format spans a wavelength range of 3700-9000 Å , and the Keck spectral format spans a wavelength range of 3700-6200 Å . Both projects employ an iodine cell to impose a grid of sharp reference lines between 5000 and 6000 Å on the stellar spectrum. In the analysis, a high-S/N template spectrum without iodine is combined with a Fourier transform spectrometer iodine observation to model instrumental broadening and to derive differential radial velocities in the observations of the star with iodine (Butler et al. 1996) . The velocities for all three stars in this paper made use of a high-resolution, high-S/N template spectrum from Keck.
Strong magnetic fields can produce stellar spots in young active stars that introduce shifting line asymmetries (Saar, Butler, & Marcy 1998) . In the most extreme cases, shifting line centroids can masquerade as dynamical Doppler variations (Queloz et al. 2001) . However, for inactive stars, the chromospheric contribution to velocity noise is empirically less than 3 m s À1 . We measure core emission in the Ca ii H and K lines to assess the chromospheric activity level of all planet search targets. The H and K core emission is characterized by a pseudo-equivalent width, or S HK , index, analogous to the Mount Wilson HK project (Baliunas et al. 1998 ). The S index is then transformed to log R 0 HK , a ratio of the HK flux to the bolometric flux of the star. This index is a good predictor of the rotational period (Noyes et al. 1984) and the approximate age of F, G, and K main-sequence stars (Baliunas et al. 1995) .
Photometric observations were obtained of HD 40979 and HD 38529 with the T11 and T12 0.8 m automatic photoelectric telescopes (APTs) at Fairborn Observatory. 8 These APTs measure the difference in brightness between a program star and nearby comparison stars in the Strö mgren b and y passbands. The observing procedures and data reduction techniques employed with the T11 and T12 APTs are identical to those for the T8 0.8 m APT described in Henry (1999) . The external precision of the photometric observations, defined as the standard deviation of a single differential magnitude from the seasonal mean of the differential magnitudes, is typically around 0.0012 mag for these telescopes, as determined from observations of pairs of constant stars.
HD 40979
HD 40979 (=HIP 28767) is a V ¼ 6:74, BÀV = 0.573, F8 V star. The Hipparcos parallax (Perryman 1997) of 30 mas implies a distance of 33 pc and absolute visual magnitude M V ¼ 4:12. Allende Prieto & Lambert (1999) use the Hipparcos parallax, together with evolutionary tracks, to derive a stellar mass of 1.0 M and a stellar radius of 1.26 R . This combination of stellar mass and radius suggests that the star is a slightly evolved G0 IV star. However, that assessment is not consistent with the BÀV color of the star, the Ca ii H and K emission, or the strong lithium feature. We measure a lithium abundance NðLiÞ¼2:79 for HD 40979. If the star were really 1 M , this lithium abundance would indicate that the star is about the age of the Hyades (see, e.g., Jones, Fischer, & Soderblom 1999) , but in that case, the Ca H and K emission should be stronger. If instead, the star is 1.1-1.2 M with an age of about 1.5 Gyr, then the lithium abundance, the BÀV color, and the measured Ca H and K emission are all consistent with expected values.
Spectral synthesis modeling yields T eff ¼ 6095 AE 30 K, ½Fe=H¼0:194 AE 0:05, and v sin i ¼ 7:4 AE 0:5k ms À 1 . Accounting for the increased metallicity, we estimate a stellar mass of 1.1 M . Our measurement of S HK ¼ 0:237 (on the Mount Wilson scale) yields log R 0 HK ¼À4:63, indicating moderate chromospheric activity in HD 40979 and an estimated rotational period of 8.9 days. The Ca ii H line for HD 40979 is compared to the solar spectrum in the top panel of Figure 1 . The stellar characteristics of HD 40979 and the other two stars in this paper are summarized in Table 1. HD 40979 has been observed at Lick Observatory since 1998 with an average S/N of 135 and velocity precision of about 12 m s À1 . At Keck, the typical S/N is 290, and the corresponding velocity precision is about 4.3 m s À1 . The Lick data span approximately six orbital periods; however, the initial phase sampling of this star was unlucky in that the stellar velocities were measured near successive minima. Given the moderate v sin i and chromospheric activity (both increase velocity errors) and the low initial rms velocity scatter, this star was designated as a lower priority target, and the identification of significant velocity variations was delayed until 2000 November. In 2001, HD 40979 was added to the Keck survey.
Forty-five velocities from Lick and Keck (Table 2) have been combined with an offset chosen to minimize residuals to the Keplerian fit. The best Keplerian fit to the combined data (Figs. 2a and 2b) yields an orbital period P ¼ 263:1 AE 3 days, eccentricity e ¼ 0:25 AE 0:05, and velocity semiamplitude K ¼ 101:2 AE 5:6ms À1 .The assumed stellar mass of 1.1 M implies a companion mass of M sin i ¼ 3:28 M Jup and a semimajor axis of 0.83 AU. The orbital elements for HD 40979 are listed in Table 3 . The reduced 2 ðÞ 1 = 2 fit for this orbital solution is 1.73, and the rms to the fit is 18.7 m s À1 . The rms to the Keplerian fit exceeds the mean velocity errors; however, there is no visible trend in the residual velocities, and a periodogram analysis does not show evidence of additional periodic velocity variations. HD 40979 is illustrative of the drop-off in Doppler information for earlier spectral types: the lines of F-type stars are shallower and broader than for G dwarfs, resulting in relatively high internal velocity errors. The most likely source of the high rms velocity scatter is the moderate level of chromospheric activity (Saar et al. 1998) .
HD 40979 was observed during 2002 with the T12 0.8 m APT at Fairborn Observatory as an additional check on its level of surface activity. The differential magnitudes in the combined Strömgren ðb þ yÞ=2 passband are shown in Figure 3 and are relative to the comparison star HD 41074. The top panel shows our entire data set to date. The most recent observations, between the two dashed vertical lines, are replotted in the middle panel and show the most coherent variability, which we interpret as rotational modulation in the visibility of photospheric starspots. Period analysis of this subset gives a rotation period of 7:0 AE 0:5 days for HD 40979, similar to the rotation period of 8.9 days estimated from the Ca H and K emission but very different from the 263.1 day orbital period of the planetary companion.
The rotation period, stellar radius, and v sin i can be used to estimate the inclination of the stellar rotation axis. Adopting the stellar radius from Allende Prieto & Lambert (1999) of 1.26 R suggests that the star is being viewed close to equator-on. In order for the rotation axis to be less than 20 from our line of site (close to pole-on) the stellar radius HD 40979 shows moderate emission; however, the lack of core emission in HD 12661 and HD 38529 indicates that these stars have low chromospheric activity. would need to be several times the solar radius or the rotation period would have to be shorter than 3 days. Such extreme values for the stellar radius and rotation period seem physically unreasonable given the observed characteristics of HD 40979. Assuming that the orbital inclination vector is parallel to the rotation axis of the star, the orbital inclination may also be close to 90 (or nearly edge-on). The Hipparcos astrometric solution can rule out the most extreme (low) inclination case, adding an additional constraint on the companion mass to the substellar regime. We adopted the orbital elements for the planetary companion described in this paper and refitted the Hipparcos intermediate data for HD 40979. However, this did not improve the original statistical fit. The lack of a detection by Hipparcos constrains the astrometric displacement of the star to less than the 2 error, or more than 2 mas. Therefore, the mass ratio of the companion to the star must be less than 2 mas divided by the angular separation, or less than 2/27 mas. This sets an upper limit to the companion mass of 0.074 M , near the hydrogen-burning (stellar) threshold. 
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inactive log R 0 HK ¼À5:06 and a rotational period of 34.2 days. These stellar characteristics are summarized in Table 1 .
An inner planet orbiting HD 12661 was reported by Fischer et al. (2001) . At that time, a weak linear trend in the velocity residuals to the single-planet fit was noted. Observations at Lick and Keck (Table 4) Table 5 . Note.- Table 4 is also available in machine-readable form in the electronic edition of the Astrophysical Journal. The double-planet Keplerian solution was determined with two different fitting algorithms. First, an initial estimate of the orbital elements was obtained by fitting and subtracting the dominant Keplerian variation (here, the 263 day period) and then fitting the residuals with a second Keplerian. Several iterations of this two-step scheme were carried out to refine the match between a simple superposition of two Keplerian solutions and the observations. Then, these orbital elements were used as initial guesses in a second algorithm that utilized Levenberg-Marquardt minimization between the observations and a double-Keplerian model with 11 free orbital parameters. The orbital elements derived with each of the two fitting routines agree within the stated Monte Carlo uncertainties (discussed below). Table 5 lists the orbital elements obtained with the latter fitting routine, and Figure 4 shows the fit of this double-Keplerian model to the data. In Figures 5a and 5b , the individual components of the double-Keplerian system are revealed by subtracting theoretical velocities for the outer and inner companions, respectively.
The formal errors in the orbital parameters were estimated with Monte Carlo simulations in which Gaussian noise was scaled to the actual errors and then added to the original velocities. The Monte Carlo velocities were then run through the double-Keplerian fitting code, and the standard deviations of the orbital elements in these trials were adopted as our formal errors. The true uncertainty in the orbital period of the outer companion to HD 12661 (P c )is tied to the fact that the early phase coverage was sparse, and only a single orbit has been observed. Therefore, the Monte Carlo errors are likely to underestimate our true uncertainty in P c . A more precise orbit for the outer planet will require at least one additional season of data.
The semimajor axis of the outer companion, 2.5 AU, or 0>067, would have given rise to the most detectable astrometric signature in this double-planet system. We refitted the Hipparcos data to include the outer Doppler companion; however, this did not result in an improved 2 fit to the astrometric data. The stated error in the Hipparcos parallax and proper-motion solution for HD 12661 is 0.8 mas for 52 measurements spanning the 4 yr mission lifetime. Adopting a2astrometric error of 1.6 mas, this null observation places an upper limit on the mass ratio M pl =M star < 1:6=67, placing a mild constraint on the companion mass: 1.57M Jup < M pl < 25M Jup . Since the Hipparcos mission lifetime was comparable to the orbital period of the outer companion, a companion more massive than about 25M Jup would have exhibited a detectable signal.
HD 38529
HD 38529 (=HIP 27253) is a V ¼ 5:95, BÀV = 0.773, G4 IV star. The Hipparcos parallax (Perryman 1997 ) is 23.57 mas, corresponding to a distance of 42.4 pc and absolute visual magnitude M v ¼ 2:81. Using spectral synthesis modeling, we find T eff ¼ 5600 AE 30 K, ½Fe=H¼0:36 AE 0:05, and v sin i ¼ 4:4 AE 0:5kms À 1 .The Ca ii H line is plotted in the bottom panel of Figure 1 and demonstrates the low chromospheric activity level of the star. The measured S HK ¼ 0:193 is used to derive log R 0 HK ¼À4:89 and a rotational period of 34.5 days. We retain the stellar mass of 1.39 M from Fischer et al. (2001) . HD 38529 is the most massive planet-bearing star known to date. The main-sequence progenitor of this star was probably of spectral type about F5. 
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As a main-sequence star, it would have been difficult to achieve the velocity precision that we now observe for HD 38529 as a subgiant. The intrinsic stellar characteristics of this star are included in Table 1 . A planet with an orbital period of 14.3 days was reported in Fischer et al. (2001) . A long-period residual trend was noted in that paper and attributed to a more distant companion. The outer companion has completed one full orbit, and the velocities (listed in Table 6 ) are well described by a double-Keplerian orbital model. The double-Keplerian orbital solution and uncertainties (listed in Table 7) were determined in the same manner described above for HD 12661. The inner companion has an orbital period This strongly suggests that the outer companion is massive enough to burn deuterium and thus may be more accurately categorized as a brown dwarf. The double-Keplerian fit is shown in Figure 6 . Theoretical velocities were calculated for the individual components and subtracted to show the fits to each planet separately in Figures 7a and 7b .
The discovery paper for the inner planet, HD 38529, noted an acceleration solution in Hipparcos indicative of a companion with a period of roughly 10 yr. The Double and Multiple Systems Annex notes accelerations in proper motions of À4:17 AE 3:00 mas yr À2 (in right ascension) and 7:31 AE 2:09 mas yr À2 (in declination). We refitted the Hipparcos intermediate astrometric data and initially found significant improvement in the 2 fit when the orbital model was included. However, this initial improvement was subsequently found to be spurious: strong correlations in the Hipparcos solution were discovered that increased uncertainties in the proper motion so that the statistical fit improved. To eliminate these correlations, the more accurate propermotion solution from Tycho 2 (Høg et al. 2000) was adopted. This reanalysis still shows an astrometric acceleration term; however, this does not appear to arise from the outer companion presented here.
We have also monitored HD 38529 for brightness variations over the last two observing seasons with the T11 0.8 m APT (Fig. 8) . The photometric observations in the combined Strö mgren ðb þ yÞ=2 bandpass are relative to the comparison star HD 37788. The star appeared photometrically quiet without periodicity in the power spectrum of the first season of data. However, the mean magnitude shifted by a few millimagnitudes in the second season, suggesting multiyear variability. Furthermore, a subset of photometry taken during the second season showed variability with a periodicity of 35.7 days, consistent with the rotation period of the star (middle panel, Fig. 8 ). It seems unlikely that the observed photometric variability can explain the 14.3 day Doppler variations. First, the velocity phase coverage is excellent, so we are not fitting an alias of the longer period photometric periodicity. Second, the 14.3 day velocity signal persists in the entire 5 yr data set, while the photometric coherence is only present over two consecutive 35 day cycles during two seasons of data. And third, the relatively large amplitude of the velocity variation, 55 m s À1 , is unlikely to Note.- Table 6 is also available in machine-readable form in the electronic edition of the Astrophysical Journal.
be associated with low-amplitude photometric variability. The rms variability of the entire photometric data set is 0.0024 mag. Analysis by one of us (G. W. H.) shows that this level of photometric variability is empirically only correlated with about 8 m s À1 of radial velocity variability because of surface activity in a main-sequence star.
The double-Keplerian fit for HD 38529 shows an rms scatter of 10.99 m s À1 with a reduced 2 ðÞ 1 = 2 of 2.08. This scatter is clearly seen in the higher precision Keck data as well as in the Lick data and is greater than expected for a slowly rotating, chromospherically inactive star. The rms scatter (rather than the larger amplitude Keplerian variations) could be related to the photometric variability; however, a periodogram of the residuals to the doubleKeplerian fit does not show any power near 20-40 days.
It is also possible that the moderately high velocity rms is related to the subgiant status of the star. To investigate this, we examined the rms velocity scatter for other subgiants on our planet search surveys. Figure 9 shows a color-magnitude diagram for our planet search targets. The bold dots indicate stars with more than three radial velocity measurements that also appear to be on the subgiant branch. The labeled points in Figure 9 are subgiants with detected extrasolar planets. Figure 10 shows the rms velocity scatter of the subgiants in Figure 9 . In the case of the stars with planets, Fig. 8 . For HD 16141, HD 10697, HD 177830, and 70 Vir, the velocity rms refers to the residual velocities, after fitting for the known planets. The velocity rms for HD 38529 is shown as a series of points. The high rms point is the velocity rms without fitting for any planets. After fitting for the dominant, long-period orbit, the rms of the residual velocities drops to about 40 m s À1 . After fitting for both of the planets described in this paper, the residual velocity rms drops to about 10 m s À1 , consistent with the rms of other subgiants on our projects. the rms scatter is the residual rms to a Keplerian model. There are three points for HD 38529 indicated in Figure 10 : the highest point is the rms of all of the velocities (no Keplerian fitting), the intermediate point shows the rms after fitting a single Keplerian to the dominant long-period orbit, and the lowest point shows the rms to the double-Keplerian fit. So, after fitting two Keplerians, the rms of HD 38529 appears to show scatter typical in magnitude to other subgiants. To further investigate the origin of the scatter in subgiants, we plotted the rms velocities against both absolute magnitude and color, but no correlation was apparent. A larger data set may be helpful in understanding the effects of evolution on radial velocity jitter. The radial velocity study of class III K giants shows that for BÀV blueward of 1.1, the typical rms velocity scatter is less than 40 m s À1 . So, velocity jitter is less than a few meters per second in chromospherically inactive stars, it is less than 20 m s À1 in class IV subgiants, and it is less than 40 m s À1 in class III giant stars that are bluer than BÀV = 1.1. Redward of BÀV = 1.1, Figure 5 in Frink et al. (2001) shows a dramatic rise to more than 100 m s À1 in rms jitter for red giant stars.
DISCUSSION
The companion to HD 40979 has an orbital period of 263 days, eccentricity of 0.25, and M sin i ¼ 3:28M Jup . The star exhibits moderate chromospheric activity (log R 0 HK ¼ À4:63). Photometric observations reveal low-amplitude brightness variations in HD 40979 due to rotational modulation by photospheric starspots, and they yield a rotation period of 7:0 AE 0:5 days, very different from the planetary orbital period. HD 40979 is a metal-rich star with ½Fe=H¼0:194, typical of stars that host Doppler-detected gas giant planets (Gonzalez 1998; Fischer & Valenti 2003) .
HD 12661 hosts two extrasolar planets. The inner planet has an orbital period of 263 days, eccentricity of 0.35, and M sin i ¼ 2:3M Jup . The outer planet has an orbital period of 1444 days, eccentricity of 0.20, and M sin i ¼ 1:57M Jup . The star is chromospherically inactive, photometrically stable, and metal-rich, with ½Fe=H¼0:29.
We have also detected a second planet orbiting HD 38529. The inner companion has an orbital period of 14.3 days, eccentricity of 0.29, and M sin i ¼ 0:78M Jup . The outer companion has an orbital period of 2174 days, eccentricity of 0.36, and M sin i ¼ 12:70M Jup . The star is a subgiant with metallicity ½Fe=H¼0:36. HD 38529 shows photometric variability at the millimagnitude level that yields a rotation period of 35.7 days. However, this lowlevel variability has a different periodicity from the strong velocity amplitudes that we interpret as Keplerian signals.
We searched for evidence of the long-period orbits for HD 12661 and HD 38529 in the Hipparcos astrometric data. However, after refitting the Hipparcos intermediate data with the orbital parameters from this paper, we were unable to obtain an improved statistical fit to the Hipparcos observations for HD 40979, HD 12661, or HD 38529. The lack of a Hipparcos detection offers only a weak upper limit on the companion mass but nevertheless constrains all three of the companions presented here to the substellar mass regime.
Multiple-Planet Systems
The detection of additional planets orbiting HD 12661 and HD 38529 raises to 10 the number of multiple-planet systems that have been discovered. Updated orbital properties of these multiple-planet systems are listed in Table 8 .
Three years have passed since the triple-planet system was discovered orbiting Ç And. In order to improve the dynamical modeling of that system, we have continued to observe Ç And frequently at Lick Observatory. In Table 9 , 159 new radial velocities have been added to the original 89 velocities published in Butler et al. (1999) . These new Note.- Table 9 is also available in machinereadable form in the electronic edition of the Astrophysical Journal.
velocities better constrain the orbital eccentricity of the outer planet in that system. The rms to the triple-Keplerian fit is 14.5 m s À1 , consistent with the measurement uncertainty from the combination of the measurement error (9 m s À1 because of rotational line broadening) and the expected stellar jitter (10 m s À1 ). We do not find any evidence for a residual velocity trend to the triple-Keplerian fit in our 15 yr set of Lick Observatory velocities. Figure 11a shows the phased velocity curve for Ç And b with velocities of the outer two components removed, and Figure 11b shows the stellar velocities arising from the outer two planets after subtracting velocities from the inner planet.
Velocities from two additional seasons of observations for 47 UMa now yield an improved eccentricity and orbital period for the outermost planet. The orbital period ratio of the two planets orbiting 47 UMa is now close to the 8 : 3 commensurability. Fitting for 11 free orbital parameters simultaneously, the best-fit solution for the inner planet is They arbitrarily define hierarchical planetary systems as those in which the ratio of orbital periods (P 2 /P 1 ) is greater than 5 : 1. Such systems are less likely to be actively engaged in mean motion or secular resonances. Any resonances that persist in hierarchical systems act on timescales that are long compared to both the orbital periods and human observations.
There are eight double-planet systems and two tripleplanet systems listed in Table 8 . Among these 10 multipleplanet systems, 10 component pairs are hierarchical and four component pairs have P 2 =P 1 < 5. Apsidal locking is apparent between the hierarchical planet components Ç And b and c (Chiang & Murray 2002; Chiang, Tabachnik, & Tremaine 2001) , and Lee & Peale (2003) calculate that the hierarchical system HD 12661 is in a secular resonance. None of the 20 hierarchical pairs are in a mean motion resonance. In contrast, three of the four systems with P 2 =P 1 < 5 exhibit mean motion resonance: GJ 876 (2 : 1), HD 82943 (2 : 1), and 55 Cnc (3 : 1), and the updated orbital parameters for 47 UMa suggest that the two planets in this system are near the 8 : 3 commensurability. So, empirically, resonances are an important characteristic in systems with P 2 =P 1 < 5 but of less importance in the architecture of more widely spaced hierarchical systems.
HD 38529 highlights an interesting feature of hierarchical planet systems. Because the outer planet is clearly the more massive, it is unlikely that the inner planet scattered the outer planet to its current orbit. The semimajor axes of the two planets were probably not set by planet-planet interactions. Using a Bulirsch-Stoer integrator, we ran 10 Myr integrations of the HD 12661 and HD 38529 systems. The planets remained in stable orbits throughout the simulations, with only a mild, periodic eccentricity exchange between the component planets. Thus, the significant orbital eccentricities (0.29 and 0.36 for the inner and outer planets, respectively) of the two planets around HD 38529 may have arisen by some other mechanism than mutual interactions. A possible origin for the observed eccentricities is perturbation by either the protoplanetary disk or an orbiting stellar companion. Many single planets also reside in highly eccentric orbits without additional massive planets or stars currently known to be orbiting the host star. The stars 14 Her and 70 Vir both have massive planets in eccentric orbits, but the velocities over the past decade show no evidence of additional companions. This suggests that high eccentricities in planetary or stellar systems can occur without benefit of an additional, current companion.
Are eccentricities pumped in single planets by a different mechanism than in multiple-planet systems? To investigate this, one may compare the eccentricity distributions among single-and multiple-planet systems. Figure 13 shows orbital eccentricity versus semimajor axis for all 97 securely known planet systems. The eccentricities in Figure 13 show several remarkable features. The eccentricities are distributed from 0 to 0.71, with only one case (HD 80606, likely caused by its stellar companion) above that upper limit. An explanation has not been provided for this upper limit to the orbital eccentricities of planetary orbits. Moreover, for semimajor axes between 0.1 and 1.0 AU, there appears to be an upper envelope of eccentricities that increases as the semimajor axis increases. In particular, there is a paucity of eccentricities between 0.3 and 0.7 for orbits having a < 1:0 AU. In contrast, for a > 1:0 AU, the most probable eccentricity is 0.35-0.45, as seen in Figure 13 . Both the upper envelope to eccentricities at e ¼ 0:7 and the trend in eccentricities for a < 1:0 AU await theoretical explanation. Figure 13 also shows, with asterisks, those planets that reside in multiple-planet systems. There are 22 such planets, residing in 10 multiple systems, two of which are triples. The distribution of orbital eccentricities among the planets in multiple-planet systems is indistinguishable from that of the single planets. The similarity in the eccentricities of single planets and multiple planets suggests that the origin of the eccentricities may be the same. Such a similar mechanism would be remarkable because the planets in multiple-planet systems are definitely perturbed by each other, as seen dynamically in the GJ 876 system (Rivera & Lissauer 2001) .
A selection effect may play a role in the high eccentricities observed among the single extrasolar planets discovered to date. Most known extrasolar planets reside within 3 AU because of the limited duration ($10 yr) of the Doppler surveys. Thus, the planets detected to date represent a subset that ended up within 3 AU. Giant planets within 3 AU may systematically represent the survivors of scattering events in which the other planet was ejected while extracting energy from the surviving planet and throwing it inward. We would systematically detect the more massive, surviving planet residing now in an orbit with period less than 10 yr.
Various mechanisms have been proposed to explain the orbital eccentricities, namely, planet-planet interactions, planet-disk interactions, and planet migration leading to resonance capture (Ford et al. 2003; Malhotra 2002; Marzari & Weidenschilling 2002; Lee & Peale 2002; Chiang & Murray 2002; Chiang, Fischer, & Thommes 2002; Goldreich & Sari 2003; Lin & Ida 1997) . A comprehensive model for orbital eccentricities may include more than one process. Two or more planets will migrate in a viscous disk at different rates, allowing them to capture each other in mean motion resonances. Such resonances can then pump the eccentricities of both planets up to values as high as 0.7 (Chiang 2003) , as observed. The growth in eccentricities, especially as the disk dissipates, can render the two orbits unstable as close passages occur. Ford et al. (2003) show that such close passages often lead to ejection of the less massive planet, leaving one behind. This sequential set of processes provides a natural explanation for the resonances and eccentricities observed among multiple-planet systems and for the eccentricities observed in single planets. Single planets may simply represent the survivors of double-planet progenitors.
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